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GLOSSARY AND ABBREVIATIONS 
BT: Blood type; Ea-B is the primary marker and the superscript 
1 2 designates the allele, i.e., B , B , etc. 
04 protein level: 04 protein concentration, as determined on RID. Two 
2 types of units have been used; d and mg/ml. Crude data taken 
2 directly from measuring the areas of precipitation rings are in d . 
Otherwise, data corrected with a 04 protein concentration standard 
curve are in mg/ml. 
OH^Q; The amount of complement that can lyse one half of a standard 
cell number under standard conditions, i.e., the amount of complement 
which lyses 1.25x10^ sensitized sheep erythrocytes in a total 
reaction volume of 1.2 ml. 
2 d ; square of the diameter of the RID ring; directly proportional to 
the area. 
GAT: a synthetic peptide from glutamin^^-alanine^^-tyrosine^^. 
Ir-GAT: Immune response to GAT. 
MHO: Major histocompatibility complex; a cluster of genes coding for 
cell surface antigens which are important in regulating both cellular 
and humoral immune responses. 
OCA: Overall complement activity determined as the degree to which 
sensitized sheep red blood cells are lysed. 
PBS: Phosphate buffered solution; 55 mM NaHgPO^ HgO/GY mM 
NagHPO^ 7 HgO/lSS mM NaCl; pH 7.0. 
RID: Radial immunodiffusion. 
viii 
RSV or RSV-1 : Rous sarcoma virus of the Bryan high titer strain 
(Gabriel, 1979). 
Sip: Sex-limited protein. 
SRBC: Sheep red blood cells. 
SSRBC: Sensitized sheep red blood cell, i.e., the SRBC after incubation 
with anti-SRBC antiserum. 
Ss; Serum substance identified as the fourth component of complement. 
SEM: Standard error mean. 
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INTRODUCTION 
The B blood group system, identified with the major histo­
compatibility complex in chickens, has been characterized with various 
histocompatibility reactions including skin grafting (the classic 
histocompatibility test), the chorioallantoic membrane test (CAM test), 
the graft-vs-host (GVH) test, and the mixed leucocyte reaction (MLR). 
None have, however, provided direct information about the structure of 
the B complex. 
In 1978 the finding that immune response to the synthetic 
polypeptide GAT, was associated with the B complex, provided evidence 
for either gene linkage or that immune response is a pleiotropic effect 
of genes coding for erythrocyte antigens. Be that as it may, the 
serologically defined antigens of the B blood group, and the Ir-GAT 
immune response reaction have been exploited as markers of the chicken 
MHC system in immunobiological studies carried out by the Poultry Section 
of the Animal Science Department at Iowa State University. 
The primary objective of the present study was to find yet a third 
marker on the B complex which might lead to further insight as to the 
structure of the chicken MHC. Because a complement component of the 
human HLA and murine H-2 systems has been found to be linked to the MHC 
in both species, it seemed reasonable to hypothesize that a similar 
genetic mechanism coding for a component protein is present on the 
chicken B complex as well. 
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To test the hypothesis that the B complex carries a marker for 
complement, the first step was to isolate and purify a chicken C4-like 
component. Such a substance was obtained and injected into rabbits in an 
attempt to produce a specific antibody to it. The latter was then used 
as a probe, along with certain immunofixation techniques, to carry out 
the investigation of the genetic nature of the C4 like substance. 
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LITERATURE REVIEW 
Structure of the Major Histocompatibility Complex (MHC) 
The mouse H-2 complex 
The murine H-2, the most extensively studied and best understood 
MHC was discovered by Peter Gorer in 1936 using xenoantisera which led 
to the identification of the segregating blood group antigens (Gorer, 
1957). 
George Snell first recognized the importance of the histocom­
patibility phenomena in immunogenetics. His development of congenic 
("coisogenic") lines for immunogenetics research (Snell, 1948; 1981) and 
the subsequent production of recombinant haplotypes served as a powerful 
tool in the analysis of the genetic structure of the H-2 complex (Amos et 
al., 1955; Allen, 1955). 
One feature of the MHC, soon uncovered, was its extensive poly­
morphism. Klein (1979) estimated that at each of the genetic loci 
recognized in the H-2 complex, up to a hundred alleles may exist in the 
population as a whole. The abundance of polymorphisms generated by a 
reshuffling of gene clusters is believed to have an early evolutionary 
development involving genetic recombination leading to higher levels of 
fitness and adaptation (Leder, 1982). A genetic map of the mouse H-2 
complex is presented in Figure 1. 
The antigens encoded by the genes of the MHC have been assigned 
to three classes. Class I includes the classical histocompatibility 
antigens controlled by genes at the K, D and L loci. These antigens 
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Chromosome 17 GLO-1 
O 
1.5 Recombinant Unit— 
L D TL-Q. 
Centromere 
Figure 1. Genetic map of the H-2 system (Klein et al., 1981). (The 
recombinant unit, the linkage distance determined by scoring 
the recombination frequencies in percentage. The length of 
the H-2 system, 1.5 recombinant units, was determined by 
counting crossover events.) 
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consist of molecules with MW of 40-45,000 daltons noncovalently 
associated with Bg-microglobulin of 12,000 daltons at the cell 
surface. They play a major role in the control of allograft rejection. 
A and E antigens, coded by genes of the I region, are designated 
Class II. Class II loci encode molecules of 32,000 (a) and 28,000 (g) 
daltons associated as dimers at the cell surface. Evidence indicates 
that immune response genes encode Class II antigens (Benacerraf, 1981). 
Class III antigens consist of serum protein (Ss) and the sex-
limited protein (Slp) encoded by the S region of the MHC (Shreffler, 
1976). It is not yet understood whether Class III antigens relate to 
Class I and Class II products, either genetically or functionally, 
although the possibility seems likely. 
The human HLA complex 
About 25 years after the discovery of H-2 complex, a similar region 
was identified in humans by a rather different route; it has been named 
the HLA region, an acronym for "human lymphocyte antigen" (Bach and Van 
Rood, 1976). 
Most antibodies used in the analysis of the HLA system have been 
derived from women who have had multiple pregnancies and, therefore, 
have been immunized by paternal antigens present on fetal cells in the 
maternal circulation. Depending on the differences in HLA type and the 
degree of antigenic stimulation, many of the HLA reagents have been of 
sufficiently high titer and specificity to serve for tissue typing. 
Also, the use of statistical methods and modern computers have aided in 
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the analysis of reaction patterns observed in large panels of leukocyte-
alloaniserum complexes. 
Results of such studies have led to the definition of two closely 
linked loci, HLA-A and HLA-B. In the latter, the use of microcyto-
toxicity tests has provided a major advance in the study of 
serologically-defined Class I antigens. On the other hand, the 
lymphocyte-defined Class II antigens were studied mainly by using the 
mixed lymphocyte reaction (MLR). In addition, data on skin grafting, and 
both kidney and bone marrow transplantation, have been valuable in the 
further definition of the human HLA system. Just as for the H-2 system, 
a high degree of polymorphism has been demonstrated for the HLA. 
Moreover, the three classes of HLA antigens have been shown to be closely 
homologous biochemically with those in the H-2 system. A genetic map of 
the human HLA complex is presented in Figure 2. 
The chicken B complex 
Schierman and McBride (1969) provided the first evidence for 
multiple B complex loci coding for erythrocyte alloantigens. Later, 
Hala et al. (1976), reported a single recombinant using hemaggluti­
nation. This was taken as evidence for a crossover between loci coding 
for the B-G and B-F antigens. Briles and Briles (1980) presented 
evidence for multiple B-G loci within the B complex. Pevzner et al. 
(1978) reported a recombinant resulting from a chromosome breakage 
between loci coding for serologically defined erythrocyte alloantigens 
and the region of the B complex coding for immune response to the 
synthetic peptide, GAT. 
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Chromosome 6 GLO-1 D/DR B C A 
e " CD * # # # * # 
PGMj Centromere Bg 
C2 
C4 
Figure 2. Genetic map of the HLA system (Bach and Van Rood, 1976). (The 
i'/Dr regxoii is homo logo usT to the I region of H-2 system in mouse, 
which controls the immune response. The A, B and C regions 
correspond to K and D regions of H-2 system, and code for 
Class I antigens.) 
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Schierman et al. (1977) presented evidence for a crossover between 
serologically defined erythrocyte alloantigens and a locus controlling 
resistance to tumors induced by the Schmidt-Tuppin strain of Rous 
Sarcoma virus. However, incomplete penetrance of dominant genes for 
regression was not ruled out. Gebriel et al. (1979) showed that the Ir-
GAT locus is a distinct entity, but closely linked to a locus 
controlling resistance to tumors induced by the Bryan strain of Rous 
Sarcoma virus. Biochemical studies earlier reported by Pink et al. 
(1977) indicates that the chicken B-complex includes at least three 
regions; B-F, B-L, and the B-G regions. The B-L region seems to code 
for the antigen homologous to the la antigen of the mouse. Evidence for 
two populations of la-like molecules encoded by B-L of the chicken MHC 
was reported by Crone et al. ( I 9 8 I ) .  
Palmer (1982) reported five additional recombinants in the SI 
population. Some or all of these were thought to be recombinants 
involving a break point between the B-F and B-G region similar to that 
reported by Hala et al. (1976). He speculated that the linear order of 
genes on the B complex was B-G, B-F and B-L, but so far, critical 
information on the linear order of genes is lacking. 
By definition, the Ir-GAT region should be analogous to the mouse 
la region and its molecular evidence has been provided by Birkmeyer et 
al. (1985). Two molecules of 32,000 and 29,500 daltons were 
immunoprecipitated by anti-GAT-high antiserum generated from GAT-low 
birds. This finding bridges the (B-G), (B-F), (B-L) model and the (B), 
(Ir-GAT) model. 
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In the mouse, the graft-versus-host reaction is controlled by la 
antigens. Lee and Nordskog (1981) reported that the Ir-GAT locus does 
not influence skin graft rejection and plays a minor role in the graft-
versus-host reaction compared with the B-G and B-F regions. Seemingly, 
the Ir-GAT region is controlled by the B-L region and is probably 
distal to the B-G region. Therefore, a linear order of genes would be 
assumed to be (B-G), (B-F), (B-L). A hypothetical model of the B complex 
was proposed as Figure 5» 
The chicken B complex codes for homologous regions of the Class I 
and Class II antigens found in mammals. B-F antigens in the chicken, 
designated Class I, with MW of 40,000-4^ ,000 daltons are noncovalently 
associated with a microglobulin-like molecule (Ziegler and Pink, 
1975; 1976). According to Vilhelmova et al. (1977), the mixed lymphocyte 
reaction, skin graft rejection and graft-versus-host reaction are 
controlled by the B-F region of the B-complex. B-L antigens, designated 
Class II, with molecular weights of 52,000 and 27,000 daltons correspond 
to the a and g chain of the murine H-2 complex, respectively. Class III 
antigens have not been recognized in the chicken, but their existence is 
inferred because the B-complex affects total complement activity (Chanh 
et al., 1976). There is no known homologue of B-G in mammalian species. 
Its molecular weight is 43,000 daltons but its function is unknown 
(Vilhelmova et al., 1977; Ziegler and Pink, 1976). 
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Chromosome ? 
BL(2) BL(1) BF BG(1) BG(2) 
# e # »Aiw • # 
RS,rs Ir-GAT B 
Figure Hypothetical genetic map of the chicken B complex. ( MVy 
indicates the hypothetical breaking point of observed 
recombinant events.) 
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The Classical Pathway of the Human Complement Cascade Reaction 
The mechanism of the classical pathway has been defined jji vitro 
using sheep red blood cells (SRBC) as the target cell and rabbit anti-
SRBC antibodies as the primary source of hemolysin. Studies of the 
classical pathway have shown that only two classes of antibodies, IgG 
and IgM, can bind to SRBC and initiate the complement cascade. 
Activation of the classical pathway involves the self-assembly of 
eleven distinct proteins. Because these proteins follow a definite 
reaction sequence, deletion of any one component would essentially 
terminate the pathway at that point. The exact sequence for the 
classical pathway is now believed to be CI, C4, C2, C5, C5, C6, C7, C8 
and C9 (Muller-Eberhard, 1975). The pathway proceeds in three stages. 
The first is the recognition phase where only CI is involved; the 
second is the activation phase involving C4, C2 and C5j and thirdly, the 
attack phase involving C5 to C9« The complement components of the 
three stages are bound to three distinct sites on the cell membrane 
(sites I, II and III) during the hemolysis process. 
The recognition complex of the classical pathway involves three 
proteins, C1^, C1^ and C1^; these associate, in the presence 
of Ca** ions, to form inactive CI (Valet and Cooper, 1974). After 
binding to the antigen-antibody complex at site I, C1^ undergoes a 
conformational change which, in turn, causes activation of C1^, 
cleavage of C1^, and initiates the activation step. 
The activated CI first cleaves C4 into two fragments, C4a and C4b. 
The C4b fragment fixes to the cell membrane at site II while C4a is 
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released to the fluid phase (Gorski et al., 1979). Activated CI next 
cleaves C2 to produce C2a and C2b. The C2a binds to the C4b, which has 
already attached to the surface of the partical. The bound C4b,2a 
complex, being enzymatically active, has been designated C3 convertase 
because it can bind and cleave C3, the next protein in the sequence. 
C4b,2a cleaves C3 into two fragments, C3a and C3b. The large 
fragment, C3b, bound to C4b,2a modifies the enzyme so that the catalytic 
site will accommodate C5, the next component in the sequence (Muller-
Eberhard and Lepow, 1965). The C4b,2a,3b has been termed C5 convertase. 
The attack phase of the classical pathway begins with the cleavage 
of C5« After cleavage, C5 yields two fragments; C5a and C5b. The 
latter, able to bind both C6 and C7, results in a stable trimolecular 
complex of C5,6,7 which firmly attaches to the membrane surface at 
site III and provides a proper binding matrix for C8 and C9» Assembling 
of the C5-9 complex on the red cell produces a lesion in the membrane 
resulting in hemolysis (Kolb and Muller-Eberhard, 1975). Figure 4 
illustrates the classical pathway. 
Studies of human complement 
Genetic studies of the fourth human complement component (C4) 
Evidence for an inherited deficiency of C4 in the human, documented in 
two families, indicates that the gene controlling C4 synthesis is linked 
to the HLA complex (Rittner et al., 1975; Ochs et al., 1977). 
In a study of structural polymorphisms of human 04, Rosenfeld et 
al. (1969) observed 10 different patterns using antigen-antibody crossed 
electrophoresis, but they were unable to construct a simple genetic 
Membrane 
0 4a\/^3a \ 
02b 
Fluid Phase 
Figure 4. The classical pathway of the complement cascade reaction 
(Muller-Eberhard, 1975). 
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model to explain these differences in a population or in a family. 
Teisberg et al. (1976) used the technique of agarose gel electro­
phoresis, followed by immunofixation, which revealed four different C4 
phenotypes. He proposed the existence of one locus with 2 common 
alleles, F (fast moving), S(slow moving), and a third rare allele M 
(medium moving). However, they were not able to work out the inheritance 
of 04 in 20^ of the families. 
Mauff et al. (1978) used a discontinuous buffer system that produced 
discrete 04 bands; he proposed a model consisting of two common (?, S) 
and two rare (m, F') variants at a single locus. His postulation, 
however, seems not to fit the Hardy-Weinberg equilibrium very well. 
O'Neill et al. (1978a), using a similar discontinuous electrophoretic 
technique, obtained a similar 04 pattern. In most of their population 
studies, seven bands were formed (?' or F8), but in about 5^ only four 
fast bands (?) were present. Also, for 2% of the cases only slow bands 
(S) were detected. F' and FS were called "long pattern", contrasting 
with the remaining four bands called "short patterns". They concluded 
that two distinct (F and S) but closely linked loci control the product 
but they found it necessary to propose a silent allele (f° or s°). 
A phenotypically-fast moving sample was postulated to be coded by a 
genotype Fs° and a phenotype slow moving sample by a genotype f°S. 
The recessive f°s° could not be detected by direct typing, but 
they were inferred from informative family studies. A simple examination 
of 04 patterns produced in O'Neill's system, however, did not reveal the 
expected number of heterozygotes. 
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C4 as a Cell Surface Antigen 
The great importance of O'Neill's work is the finding that the blood 
group antigens Chido (ch) and Rodger (Rg) are on different haplotype of 
C4. A panel of blood donors and family members were studied for their 
electrophoretic patterns of C4, Ch, and Rg antigens and HLA-A, B, and C 
lymphocyte antigens. It was striking to find that all individuals 
showing the C4 F variant were clearly Ch"Rg^ whereas all individuals 
+ — + + 
showing the 04 S variant were clearly Ch Rg . The Ch Rg 
individuals expressed the 04 FS pattern. Further evidence to support 
these observations was that the anti-Ch and anti-Rg antibodies are formed 
_ _ *t* 4* 
in Ch or Rg individuals by transfusion of Ch or Rg 
plasma, respectively. Evidence showing that Ch and Rg are components of 
04 came from adsorption experiments in which the agglutination ability of 
4* 4" 
anti-Oh and anti-Rg with Ch and Rd erythrocytes, respectively, 
were removed after incubation of the antisera with purified human 04 
(O'Neill, 1978b). 
Olaisen et al. (1979a and b) conceded that the C4 locus is indeed 
duplicated in some individuals using the electrophoretic method 
developed by O'Neill. They postulated that if the 04 FS (Ch^Rg*) 
halotype product was a mixture of proteins coded for by two genes, it 
should be possible to separate the S (Oh*) protein from F (Rg*) 
with the aid of an appropriate antibody. If, on the other hand, the 
haplotype product was coded for by only one gene, an antibody directed at 
one part of the molecule should affect the electrophoretic migration rate 
of both the S (Ch*) and F (Rg*) part of the haplotype. Observing 
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the electrophoretic pattern after adsorption with anti-chido IgG, they 
found that anti-chido IgG removed S and M, but not P. The conclusion was 
that the long pattern involved a duplicated gene. For example, 
individuals homozygous for two genes called F' would be FS/FS, and an 
individual heterozygous for one F' and another for F or S would be either 
FS/F or FS/S. The chromosome not coding for the long pattern might still 
have only one C4 locus. This hypothesis can only be tested at the DNA 
and RNA level. However, it brings out an interesting point: the 
duplication/nonduplication of the C4 locus may be present as a poly­
morphism of its own in human populations. The possible forces behind a 
polymorphism of this kind and the evolutionary advantage for a trait 
occurring with increasing frequency in the human race would be a matter 
of speculation. The electrophoretic patterns of human C4, determined by 
previous workers, illustrated in Figure 5. 
Molecular studies of human C4 
Human C4 is a 0^ -globulin with molecular weight of 210,000 
daltons containing 6.9^  carbohydrate, and is composed of three non-
identical polypeptide chains, a, 3> and y with molecular weights of 
95»000, 78,000 and 33i000 daltons, respectively. Three subunits are 
linked by disulfide bonds (Schreiber and Muller-Eberhard, 1974). 
Activation of 04 occurs by cleavage of the a chain by active 01^  and 
produces a small NHg-terminal fragment designated C4a (Budzko and 
Muller-Eberhard, 1970) and a large C4b fragment of 190,000 daltons 
(Muller-Eberhard and Lepow, 1965). The C4b fragment can be further 
separated into fragments, C4c and C4d when the serum enzyme, C4b 
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inactivator, and a high molecular weight cofactor act together. The C4c 
has a molecular weight of 150,000 daltons, whereas the C4d has a MW of 
49,000 daltons (Nagasawa and Strond, 1976). The proposed polypeptide 
chain structure of 04 is shown in Figure 6. 
Studies of Mouse Serum Substance Protein (Ss) 
and Sex-limited Protein (slp) 
The influence of the major histocompatibility complex on the levels 
of serum complement in the mouse was reported by Hinzova et al. (1972). 
The Ss was first detected by immunodiffusion using a rabbit anti-
mouse serum globulin. The serum concentration of Ss varied by as much 
as 20-fold among various inbred strains of mice and were classified into 
Ss-H (high) or Ss-L (low). Further study showed this quantitative trait 
was under single-gene control (Shreffler and Owen, 1963), linked to the 
mouse MHC and assigned to a region designated the S region. Moreover, the 
Ss portion has been shown to be immunochemically and functionally 
homologous to the fourth component (C4) of human complement (Meo et al., 
1975; Lachmann et al., 1975). 
Sip is a male-hormone-dependent protein. It was found with the 
alloantiserum from an Ss-L mouse by injection of sera of Ss-H adult male 
mice. This protein is normally expressed only in adult males but is 
inducible in females of the appropriate genetic type by male hormone 
administration- Castrated Sip positive males become negative. Sip 
positive mice have been found only in the Ss-H strains, although not all 
Ss-H strains are sip positive. All Ss-L strains examined have been Sip 
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a. Prom Eosenfeld et al. (1969). c. From Mauff et al. (1978). 
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Figure 5* Electrophoretic patterns of human 04 protein taken from the 
literature. 
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Figure 6. Proposed polypeptide chain structure of C4 protein 
(Muller-Eberhard, 1975). 
20 
negative (Passmore and Shreffler, 1971). The structural gene for sip is 
in the S region. In view of the homologies between the C4 and the Sip 
molecule they are thought to have originated by gene duplication. In 
extensive breeding experiments, crossing over has not been detected 
between the Ss and sip regions of the H-2. Evidently, the two loci are 
either closely linked or the Ss and sip proteins are controlled by a 
single gene locus (Shreffler, 1976). 
Early attempts at characterization of the number and molecular 
sizes of the subunits of the Ss and sip proteins produced confusing 
results (Capra et al., 1975). Definitive studies by Roos et al. (1978) 
showed that Ss and sip have similar molecular weights (200,000); each 
molecule consists of three polypeptide subunits, a> g, and y chains, 
differing in size. The Ss subunits were of 98,000, 79,000 and 34,000 
daltons, whereas the sip subunits were 105,000, 75,000 and 52,000 
daltons. Although there is close structural similarity between sip and 
Ss, the former has little or no 04 hemolytic activity. Its a chain can 
not be cleaved by C1^ . It does not adhere to the C4 binding protein 
and it reacts poorly with anti-human 04. 
These observations lead to a postulation that the two proteins are 
products of two discrete structural genes, each of which codes for a 
single polypeptide precursor that is processed into a, 3, y subunits 
which differ only slightly in molecular weight for the 2 molecules (Eoos 
et al., 1978). Because a quantitative difference in C4 levels and the 
presence or absence of sip molecules are both controlled by the S 
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region, it has been postulated that each structural gene has a control 
element associated with it that regulates its expression. 
Homologous with the human Chido and Rodger blood group, an 
erythrocyte antigen with a specificity antithetical to the mouse C4, was 
found in the mouse (Passmore, 1982). Early mapping studies by several 
groups of investigators concluded that the genetic determinant 
controlling the H-2.7 erythrocyte antigen was not associated with the H-
2 D or H-2 K regions, and that its coding locus (G) was near, but 
apparently separate from the S region (David et al., 1975; Klein et 
al., 1977). The finding that human red blood cell antigens, Chido and 
Rodgers, are carried by fragments of the 04 molecule (O'Neill et al., 
1978b; Tilley et al., 1978). stimulated a search for a structural 
relationship between the Ss and H-2.7 substances. In particular, further 
immunological and biochemical studies have now provided convincing 
evidence that the H-2.7 antigen resides on the 04 molecule in plasma and 
on the C4d fragment of 04 in serum (Ferreira et al., 1980; Huang and 
Klein, 1980). 
Studies of Ohicken Complement 
It has long been known that chicken complement is not typical of 
mammalian complement. Only red cells sensitized with naturally 
occurring or immune fowl antibody were lysed by fresh fowl serum (Rose 
and Orlans, 1962a and b). There seems to be, at least, a partial 
incompatibility between mammalian antibodies and chicken complement. In 
addition, chicken serum contains high levels of natural hemolysins to 
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most mammalian erythrocytes which seem to interfere with the linearity 
and reproducibility of a complement assay. Some of the difficulties in 
assaying chicken complement activity are known; others are entirely 
unresolved. Only a few studies, so far, have been devoted to the avian 
complement system. 
Barta and Hubbert (1978) provided very valuable information on total 
complement and each complement component in domestic animals. In their 
study, total complement activity was determined with microtiter plates 
using the system of SEBC and rabbit anti-SRBC. The 30% unit per ml was 
defined as the highest dilution giving 50% Lysis of 2.5x10^  SRBC. 
Each complement component was determined by using the SRBC-rabbit anti-
SRBC system, cellular intermediates and guinea pig or human complement 
component. The complement activity of some species are summarized in 
Table 1. 
The C1 components of all species tested were compatible with rabbit 
hemolysin IgG used to sensitize sheep erythrocytes. Evidently, there is 
no strict requirement for species homology between EA and CI for 
activation of the complement system. However, the relatively low titer 
of chicken CI indicates some incompatibility with mammalian antibody or 
C4 with both, in contrast to mammalian CI. Avian C4 gave a low titer 
but 02 activity was undetectable at a dilution of 1:10 or greater. 
Therefore, systems appropriate for testing early reacting complement 
components in chicken serum have yet to be developed. 
Although CI and C4 activity was shown in chickens, Koch et al. 
(1982) claimed they did not detect the classical pathway of complement in 
Table 1. Total complement and complement components in domestic animals (CHjq) (Barta and Hubbert, 
1978). 
Species 
Total 
C CI C4 C2 C3 C5 C6 C7 C8 C9 
Human 160 32,000 20,000 6,400 16,000 16,000 55,000 34,000 16,000 8,000 
Guinea Pig 320 30,000 20,000 8,000 16,000 10,000 25,000 60,000 120,000 100,000 
Bovine UD 16,000 UD UD UD 300 50,000 40,000 2,000 16,000 
Porcine 50 40,000 250 2,000 3,200 800 6,400 40,000 32,000 14,000 
Avian 20 300 10 UD 100 60 2,500 500 2,000 1 ,000 
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chickens. They believed that the classical pathway was not operating in 
chickens at a significant level and they suggested that C4 and possibly 
C2 are actually lacking in the chicken. 
Chicken complement activity has been studied by test tube methods. 
Barta and Barta (1975) reported complement levels in chicken sera to 
ranging in titer from 32 to 80. Rice and Crowson (1980), using SRBC 
sensitized with rabbit hemolysin, estimated the mean titer of chickens 
to be 75. Polk et al. (1938) reported that hemolytic complement 
activity in chicken increased with age. Similarly, Gabrielsen et al. 
(I973b), using rabbit erythrocytes sensitized with chicken hemolysin, 
demonstrated that complement levels in the chicken rose from hatching 
until 42 days post-hatching. 
Using a radial immunodiffusion hemolytic method, Skeeles et al. 
(1978) detected an increasing complement activity from 2 weeks to 8 
weeks. Because his method had low sensitivity, no significant 
differences in complement titers between males and females were found. 
A useful report on chicken complement was presented by Chanh et al. 
(1976). Examining the total hemolytic complement levels in three inbred 
lines plus an outbred population of the same age, they found that line 7 
was lowest. Line 7 birds were also low antibody responders to the 
copolymer poly (L-Glu^ -^l-ala^ -^Tyr^  ^)(GAT). Analysis of F1 and î"3 
generations clearly showed that the complement level in chickens was 
encoded by a dominant gene(s) associated with the major histocompat­
ibility complex. 
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MATERIALS AND METHODS 
Chicken Stocks 
An outbred 81 population and eight inbred lines of chickens were 
the primary chicken stocks used for the complement study. 
The noninbred Leghorn line, SI, was originally synthesized from 2 
commercial inbreds; it has been maintained with controlled segregation 
for the three blood types b\ and since 1965. 
A gene(s) controlling immune response to GAT was found to be linked 
to the B blood group (Nordskog et al. in 1977). The allele was 
found to be associated with a gene controlling the low response and 
19 the B allele with a gene controlling high response. A crossover 
between blood types and GAT response reported by Pevzner et al. in 
11 11 1978, made it possible to recover the 4 haplotypes, B B H, B B L, 
and B^ B^^ L^. In addition the B^ B^  haplotype has been 
maintained. 
Eight inbred lines, with inbreeding coefficients ranging from 81 to 
97/S and segregating for eight different B locus alleles were also used in 
this study; these were developed and maintained at the Poultry Research 
Center, Iowa State University. Some lines have been closed to outside 
breeding since 1940 (Table 2). 
White Leghorn line, HN, approximately 87^  inbred, was originally 
obtained as a pure Kimber line from Heisdorf-Nelson in the early 1950s. 
It has been used for skin-grafting experiments and segregates at the B 
blood group locus. Three congenic lines with blood group alleles. 
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Table 2. Iowa inbred lines used in the study 
Year Wright's coefficient 
of of inbreeding 
Line Breed Origin (1978 generation) 
(percent) 
M Fayoumi 1954 81 
HN Leghorn 1954 97 
GH Leghorn 1954 90 
GHS Leghorn 1965 >90 
19 Leghorn 1940 90 
8 Leghorn 1940 91 
9 Leghorn 1940 89 
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1 12 15 1 B , B and B , were used in this study. The B allele was transferred 
from the outbred SI line. 
Line GH is a White Leghorn about 90% inbred and originating from a 
commercial outbred strain (Ghostley). They are descendants of a female 
which had been accidentally mated to an HN male in 1958 producing 
progeny. An male was later mated to a line GH female and also to 
two full-sibs so that back-crosses and progeny were obtained. In 
subsequent generations, matings were designed to maintain segregation at 
the B and C blood group loci (Schierman, 1962). This line has been used 
13 
extensively in skin transplantation studies; three B alleles, B , 
B^ '^^  and B^  have been kept deliberately segregated. The B^  allele 
was also transferred from the SI outbred line. 
Line GHS is a subline of GH maintained since 1965 at the New York 
Medical College and later at the University of Georgia by Dr. L. ¥. 
Schierman. In 1976, a sample was returned to Ames. It segregates for 
the B^  and B^  ^alleles (Trowbridge et al., 1978). 
Line 19 is a White Leghorn about 90% inbred originating from 
crosses tracing back to old Iowa State University inbreds maintained in 
the 1950s. It seems to be fixed for most blood group loci but 
segregates for three B alleles, b\ B^  ^and The B^  allelle 
was transferred from outbred line SI in 1973. 
Line 8 is a barred-plumage Leghorn about 9^ % inbred. Its origin 
is the same as lines 9 and 19 (Waters and Lambert, 1936). It segregates 
for the sex-linked barring gene, and the (l,i) dominant gene for white 
plumage color. In the 1950s it was maintained by mass mating for eight 
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generations and since then has been pedigree mated (Marangu, 1970). Two 
B alleles, and B^ *^^  segregate. B^  was transferred from line SI 
and is identical to that in line 9 (Somes, 1978). 
Line 9 is a Leghorn line inbred to about 89^  with forced segregation 
for plumage color. In 1956 this line was crossed to the Spanish line 
having black plumage and successively back-crossed six times to line 9 
maintaining plumage color segregation (Smith and Nordskog, 1968). It is 
15.1 homozygous for the B * blood group allele. 
Line M Fayoumi was derived from a breed of the same name imported 
from Egypt in 1949, with primary interest in testing its resistance to 
lymphoid leukosis. This line is approximately 81^  inbred and segregates 
for alleles b^ *"* and B^  
Line Sp is a breed originating in Spain and brought to Iowa State in 
1954, and is now about 92^  inbred. It segregates for two B alleles, 
1 21 1 B and B * . The B allele was transferred from line SI. 
A special survey of the B alleles of the genetic stocks with an 
Edmonton panel of monoclonal antibodies is summarized in Table 3. 
Complement Activity 
Test tube method 
Buffer The Vernal buffer system used, as described by Mayer 
(1948), had an ionic strength of 0.15 and pH 8.0 to which was added 0.1^  
gelatin before using. This buffer is designated by the acronym GVB 
(gelatine-Vernal-Buffer). GVB supplemented with Mg** and Ca** of 
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Table 3. Classification of Iowa State University B haplotypes of lines 
with respect to Illinois Ea-P reference alleles and to an 
Edmonton panel of monoclonal B-coraplex antibodies 
Line Ea-B 
haplotypes 
Edmonton 
panel 
Immune 
Response 
to GAT 
Resistance 
to Mareks 
disease 
Tumor 
Regression 
after RSV 
challenge 
31 19 19 „ High & Low High & Low 
8 15.1 19 wk^  Low Low -
9 15.1 19 wk - Low Interm 
19 15,1 19 wk Low Low Interm 
GH 15.2 19 wk High - Interm 
M 15.2 19 wk High - Interm 
HN 15 15 Low 
GHS 6 15 High - -
GH 1 15 & 19 Low High «. 
HK 1 15 & 19 Low High Low 
S1 1 15 & 19 High - Low 
SI 1 15 & 19 Low - -
19 13 13 Low High 
GH 13 13 Low Low High 
GHS 13 13 Low Low -
M 12 2 High _ _ 
S1 2 2 Interm - -
Sp 21. _ High _ -
M 5.1 - High - -
%k - weak reaction. 
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final concentration 1x10"^  M and 3x10"^  M, respectively, is designated 
+ + 
GVB . 
Preparation of indicator cells Washed sheep red blood cells (SRBC) 
were used as indicator particles. Sheep blood was collected in 
sterilized Alsever's solution, washed twice with phosphate buffered 
saline (PBS) followed by one wash with GVB^ .^ A 2^  SRBC suspension 
was made in GVB^  ^and adjusted to an optical density of 50^  at 540 nm 
with the Spectronic 20 by adding 9»5 ml \% Na^ CO^  to 0.5 ml 2% cell 
suspension. The cell suspension of 5x10® cell/ml was ready for use. 
Hemolysin Chicken anti-SRBC were prepared by immunizing adult 
cocks with washed sheep erythrocytes. The chickens were given 1.0 ml of 
a 20^  SRBC suspension intraveneously on days 0, 2 and 4. The serum was 
harvested on day 11 and heated to 56°C for 30 minutes to destroy 
complement activity. 
The final dilution of hemalysin from 1:400 to 1:600 gives maximal 
complement titer. 
Sensitized sheep red blood cell (SSRBC) 2.5x10^  cells/ml were 
incubated with an equal volume of a 1:200 dilution of hemolysin for 30 
minutes in a water bath at 37°C. 
Sample preparation Heparinized chicken blood was centrifuged 
to collect plasma. Before titration, the chicken plasma was depleted of 
natural antibodies against SRBC. To one ml of chicken plasma, 25 jjI of .4 
M ïïa^ EDTA and 50 y 1 of washed, packed SRBC were added. Absorption was 
carried out at room temperature for one hour with frequent shaking. Red 
31 
blood cells were spun down and samples were titrated straight away or 
were stored at -70°C in the freezer. 
Assay procedure The reaction was carried out in a reduced volume 
and with a small number of target cells to increase the sensitivity of 
the assay. Cells in a total volume of 0.1 ml, hemolysin in 0.1 ml and 
the test chicken sera in 1.0 ml were allowed to react at 37°C for 30 
minutes. After adding one ml of cold saline and centrifuging, hemaglobin 
was determined in the supernate using an LKB spectrophotometer at 412 nm. 
The assay was performed as shown in Table 4 for a range of dilutions from 
log 2 to log 2.4; a 1:100 dilution is equivalent to a log dilution of 
2.0, the starting dilution of the test serum. 
The observed optical density was corrected for background absorbance 
(tube 6-10 in Table 4) and spontaneous lysis (tube 11 in Table 4). The 
percent lysis was determined by dividing the corrected optical density by 
the optical density of the complete hemolysis standard (tube 12 in Table 
4). The unit was then determined from the Von Krogh equation 
log X = log k + J_ log ( y ) 
n 1-y 
X = concentration of complement; the amount of complement in one ml 
which will lyse 50^  of a standard number of optimally sensitized 
erythrocytes; CH^Q 
y = degree of hemolysis; percent lysis of erythrocytes. 
n,k = constants 
Complement titer of CH^ g can be obtained graphically as shown in 
Figure 7. 
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Table 4. The test tube scheme for the determination of complement 
titer 
Test tube Amt of serum GVB SSRBC Log Serum dilution 
(ml) (ml) (ml) 
1 1.0 - 0.2 2.0 
2 0.8 0.2 0.2 2.1 
5 0.6 0.4 0.2 2.2 
4 0.5 0.5 0.2 2.5 
5 0.4 0.6 0.2 2.4 
Control: bkg absorbance 
6 1.0 — 2.0 
7 0.8 0.2 - 2.1 
8  0 . 6  0 . 4  -  2 . 2  
9 0.5 0.5 - 2.5 
10 0.4 0.6 - 2.4 
Control: spontaneous lysis 
11 
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Figure 7- Graphic determination of complement titer of 
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Sometimes, higher or lower dilutions than those listed in Table 4 
were necessary to determine the point where 50^  of the cells are 
hemolyzed. The definition of the in this study is the amount of 
serum required to lyse 50^  of 2.5x10^  sensitized sheep erythrocytes 
in a total reaction volume of 1.2 ml. 
Radial hemolysis method 
A simple, rapid and sensitive method to assay complement 
activity was developed by a modification of the techniques of Skeeles et 
al. (1979) and Gewurz et al. (1966). 
The principle of the radial immunodiffusion assay, is that the area 
of the precipitation ring is a linear function of the antigen 
concentration. Likewise, a linear relationship exists between the area 
of the hemolysis ring and its corresponding complement concentration. 
A standard serum with a known complement titer provided the standard 
curve. A large quantity of a standard serum was aliquoted and stored at 
-70°C after titration using the test tube method. The buffer, SRBC 
and sample preparations were the same as the test tube method. A 
quantity of 1x10® cells/ml were sensitized with an equal volume of 
hemolysin at a 1:200 dilution. The hemolysis ring developed by this 
method is illustrated in Figure 8. 
Radial hemolysis assay procedure 
1 ) 2% agarose is dissolved in GVB^  ^and incubated at 60°C in a 
water bath. 
2) Equilibriate the temperature of SSRBC, GVB^  and 2% agarose 
in a 60°C water bath. 
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Figure 8. Hadial hemolytic rings. 
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3) Mix 21 ml of 2% agarose, 21 ml of SSRBC and 31.5 ml of GVB** 
together and quickly pour into an 8x8 inch glass plate which has been 
sandwiched with a spacer of 1.5 mm thickness in advance. 
4) After the gel has hardened the cover glass is removed and wells 
of 3 Dim diameter are cut on agarose. An 8 ml sample of 1:8 dilution in 
GVB^ * is then applied to each well. 
5) A serial dilution of the standard serum is applied to each plate. 
6) The plates are incubated for 20-23 hrs at 4°C and placed in 
an incubator at 37°C for 4-5 hrs. 
7) The areas of hemolysis is then read with a T-Partigen ruler. 
8) A standard curve is then plotted from the areas of each serial 
dilution of standard serum versus log titer of each dilution. 
9) The titer of each sample in 1:8 dilution is extrapolated from 
the standard curve from which the titer of undiluted serum is estimated 
by adding .09 to the log titer. 
Silastic Tube Implantation 
Castration 
Male birds were castrated at five-weeks of age. A slit was made 
between the last two ribs on the left side of the body. Using a probe, 
the testis were easily found and removed with a forceps. Occasionally, 
the right testis can also be seen from the first opening and removed. 
Otherwise, a second opening is made on the right side of the body. 
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Silastic tube preparation 
Birds were first anaesthetized with 2.5 mg of Prom Ace and 75 mg 
Ketaset per kilogram body weight intramuscularly. 
A silastic tube of inner diameter 0.066 inches and an outer diameter 
of 0.086 inches, measured with a profile projector, is cut into lengths 
of 5-0 cm. One end is filled up to 0.5 cm with medical adhesive silicone 
type A and the tube was air-dried for 24 hours. Testosterone (Sigma) is 
then filled into the tubes to a length of 4.0 cm. The open end is sealed 
with silicone to which was anchored a 6-inch suture thread of size 001. 
This is air-dried for 24 hrs. 
Implantation 
Silastic tubes were implanted in birds at the age of 30 weeks in an 
area of loose skin underneath the wing. Avoiding the feather track, the 
skin was pinched up and a .5 cm long cut was made with a surgical 
scissors. First, an artificial insemination (Al) tube was inserted 
through the cut to make a channel for the silastic tubes. Withdrawing 
the AI tube, the silastic tube was then inserted. The tube was anchored 
to the skin with a knot in the suture thread. After the operation, an 
antibiotic was added to the drinking water for two days. 
The effect of testosterone was observed by the reddening and 
enlargement of the comb. Six weeks after implantation, the comb reached 
maximum size, and then started to regress. 
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Affinity Chromatography 
Activation of sepharose 
Activation of sepharose was based on the method of Cuatrecases and 
Anfinsen (1971)• A quantity of 5 ml of sepharose was mixed with an equal 
volume of HgO. Finely divided solid CNBr (.1 g/ml packed sepharose) 
was added to the sepharose. The pH, raised immediately to 11 with 5 M 
NaOH, was maintained by manual titration with 1 M NaOH at a constant 
temperature of 20°C. 
When the base uptake ceased and no solid CNBr remained the reaction 
was considered complete. Ice was added to stop the reaction. The 
sepharose was transferred to a Buchner funnel and washed with cold 
carbonate buffer (.1 M carborate/.5 M NaCl, pH 9.0). 
The funnel was emptied and the top was covered tightly with 
parafilm. The compound to be coupled (10 mg/ml) was transferred to an 
Erlenmeyer flask and placed on a shaker overnight at 4° C. The 
following day the resinous material was transferred to a Buchner funnel 
and the excess coating compound was drawn off. The resin was washed five 
times with carbonate buffer, returned to an Erlenmeyer with 1 M 
ethanolamine (pH 8.0) and shaken for two hours at room temperature in 
order to block all unreacted groups. 
The resin was transferred to a funnel and washed alternatively with 
acetate buffer (.1 M acetate/1 M NaCl, pH 4.0) and borate buffer (.1 M 
borate/1 M NaCl, pH 8.5). This was repeated four times. Finally, the 
resin was washed with phosphate buffer (.05 M phosphate/.5 M NaCl, pH 
7.5). 
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Isolation of specific protein from the column 
This protocol followed the method of Crowley et al. (1980). After 
sepharose was packed in the column, and washed with 2.8 M KSCN (in .05 M 
phosphate/.15 M NaCl, pH 6.8) until A2QQ=0, it was washed with 
phosphate buffer (.05 M phosphate/.5 M NaCl, pH 7.6) three times. The 
presence of KSCN was detected with \% FeCl^ . The column was then 
slowly charged with the sample. 
Washing the column with phosphate buffer (.05 phosphate/.5 M 
NaCl, pH 7.5) removed the unbound protein. The bound protein was 
separated with 2 M KSCN. The Aggg peak was pooled, concentrated 
by ultrafiltration, and charged to a sephadex G-25 column in order to 
separate the protein from the KSCN. 
Rabbit Immunization 
The schedule of the rabbit immunization followed that as outlined by 
Birkmeyer et al. (1981). A 2 ml suspension of a 1:1 protein (l mg/ml) 
and Freunds complete adjuvant was injected into a rabbit intramuscularly 
on day 1. Ten days later, a second injection was made with the same 
amount of protein and Freund's incomplete adjuvant. A third injection 
was made intraveneously on day 20 using the same amount of protein in .9% 
NaCl. Blood was collected from the rabbit on days 27, 28 and 29. 
SDS-Polyacrylamide Gel Electrophoresis (PAGE) 
SDS-PAGE of the Laemmli system was used (1979), with the gel 
containing 5 percent PA (stacking gel). A 5.0 percent or 7.5 percent 
acrylamide gel by weight was prepared from a stock solution of 30 percent 
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acrylomide and 0.8 percent H, N'-bis-methylene acrylamide. The final 
concentrations in the separation gel were 0.575 M Tris-HCl (pH 0.8) and 
0.1 percent SDS. The gels were polymerized by adding 0.025 percent by 
volume of tetramethylethylenediamine (TEMED) and ammonium persulphate. 
The stacking gels containing 0.125 M Tris-HCl (pH 6.8) and 0.1 percent 
SDS, were polymerized in the same way as the separating gel. The 
electrode buffer (pH 8.3) contained 0.025 M Tris, 0.192 M glycine and 0.1 
percent SDS. 
The proteins were fixed and stained with coummassie brillant blue 
in a mixture of methanoliHgOzacetic acid=50;50:10 for 1 hr. Destaining 
was accomplished in the same solvent mixture without dye. After 
destaining the gel was soaked in 1% acetic acid solution then air-dried. 
Immunofixation 
Immunofixation involved two steps: serum protein separation and 
specific protein identification with antibodies. The procedure followed 
the method of O'Neill et al. (1978a). 
Heparinized chicken plasma were electrophoretically separated on 
10x20 cm agarose gel of 1.5 mm thickness made from 1 % agarose. For 
the electrophoresis, two buffer systems were used. l) Barbital buffer 
(10 diM Na Barbital, pH 8.6); ionic strengths of the electrode buffer and 
the agarose gel were the same (0.05). 2) Tris/glycine/barbital buffer 
(186 mM Tris/530 mM glycine/31 mM Na Barbital/5.6 mM barbital, pH 8.8) 
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with the ionic strength of the electrode buffer at 0.08 and of the 
agarose gel at 0.02. 
Chicken plasma samples of 5 Ml were applied to the wells formed in 
precooled agarose gels by the insertion of a 0.8 cm wide piece of Whatman 
No. 3 filter paper. Electrophoresis was carried out at 200 volts for 1.5 
hours in the Barbital buffer system and 2.5 hours in the Tris-glycin-
barbital buffer system. By using a circulating water bath, the tempera­
ture of the agarose was kept constant at 8°C. 
After electrophoresis, the serum proteins were separated and the 
desired protein could be identified with a specific antibody. A 0.5 ml 
quantity of rabbit anti-chicken antiserum was evenly spread over 
the gel in a 4 cm wide area starting from each original well. After one 
hour incubation, the gel was pressed with absorbent paper, washed three 
times for 15 minutes in 0.15 M NaCl solution, dried and finally stained 
with coummassie brilliant blue. 
Immunoelectrophoresis 
Immunoelectrophoresis was carried out in the Barbital buffer of pH 
8.2 and an ionic strength of 0.05 (Garvey et al., 1977). First, the 
antigens were added to the wells to be electrophoresed and then the 
troughs were cut to accept the antisera and allowed to diffuse for 24 
hrs. The precipitation bands developed between the wells and the trough. 
Radial Immunodiffusion (RID) 
RID was conducted with barbital buffer (O.1 M NaBarbital, pH 8.6). 
Into 10 ml of \% agarose solution made in 0.1 M Barbital buffer, 100 yl 
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antiserum was mixed thoroughly and then poured onto the Mancini plate 
(4.5x9.5 cm^ ). After cutting 4 mm wells, 20 uL serum samples were 
applied and allowed to diffuse for 24 hrs. The plates were washed in 1^  
NaCl for 24 hrs with three changes of solution. Staining and destaining 
was the same as that for the method used in SDS-PAGE. 
Immunofluorescent Labeling of Cells 
Fractionation of peripheral cells 
This was based on the method of Stinson et al. (1978). The steps 
include; 
1) Chicken blood is collected in heparin. 
2) Spin down the blood cells. Resuspend buffy coat in PBS then 
collect the lymphocyte fraction by centrifugation on Ficoll-Paque 
(Pharmacia). 
3) Run lymphocyte suspension into a nylon wool column and incubate 
for 45 minutes at 37°C. 
4) After 45 minutes, wash the column with 20 ml of Hank's balanced 
salt solution (HBSS) to remove the T cells. 
5) Tease the nylon wool and wash off the adherent B cells with 20-25 
ml of HBSS. 
Labeling cells 
This protocol was based on the method of Hudson and Roitt (1973). 
1) In a 10 X 75 nun glass tube (borosilicate), add 10 yl of cell 
suspension (5x10 cells/ml) and 10 yl of 1:8 diluted anti-chicken 04 
antiserum. 
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2) Incubate for 20 minutes in ice. 
3) Wash cells with 1-2 ml of PBS containing 0.1# NaN^  and 2% 
fetal calf serum (PCS) at pH 7.4. Centrifuge for 5 minutes at 1300 RPM 
at 4°C. 
4) Pour off PBS, drain briefly on cotton or gauze. Resuspend cells 
by tapping gently. 
5) Repeat wash of cells (step 3 to step 4), drain thoroughly. 
6) Add 20 Hi goat anti-rabbit IgG-FITC conjugate of 1:16 dilution. 
Incubate 20 minutes at 4°C. 
7) Wash twice (step 3 to step 4). 
8) Resuspend cells in mixture of 90^  glycerol and 10% PBS at pH 
8.0. 
9) Mix gently with 50 vil pipette. Add a drop to a glass slide and 
cover with a coverslip. 
10) Observe cells with 63X or 54X objective lens on the fluorescence 
microscope. 
Immunoprecipitation 
This protocol is based on the method of Lambris and Papamichail 
(1980). 
1) Cell fractionation corresponds to that used in immunofluorescence 
labeling. 
2) Place 1x10® lymphocyte in .2 ml PBS. Add 200 vig of lacto-
peroxidase, .05 ml of 50 yM KI, .01 ml of carrier free Na^ ^^  I (2 mCi), 
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and .1 ml of .06^  ^ 2^ 2 the cell suspension. Then, 
incubate at 40°C for 10 minutes. 
3) Wash labelled lymphocytes three times with PBS containing 10# 
PCS. 
4) Lyse the cells in 2 ml of PBS containing .5# NP-40, 1 mM 
phenylmethyl sufonyl fluoride, 20 mM iodoacetamide and 1% Bovine serum 
albumin (BSA) at 0°C for 50 minutes. 
5) Centrifuge to pellet the cell debri. 
6) Transfer the cell lysate to a new tube and add .2 ml of packed 
anti-chicken 04 conjugated sepharose to it. Shake for one hour at 
4°C. 
7) Wash the beads three times with 10-50 fold lysis buffer (no 
BSA). 
8) Resuspend the beads in 300 1 phosphate buffer (.01 M, \% SDS) 
heat in boiling water for 5 minutes. 
9) Pellet beads and transfer the supernate to a new tube. 
10) Add 2-mercaptanethanol of a final concentration of to the 
supernate and place the tube back in the boiling water. Heat tubes for 
10 minutes. 
11) Prepare supernate to run tube SDS-PAGE. High and low molecular 
weight standards are also run. 
12) After electrophoresis, the gel is dismounted from the glass tube 
and placed in freezer to be frozen. 
13) On the following day, the frozen gel is cut into 2 mm pieces to 
count the isotope incorporation of each piece. 
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14) The standard curve of molecular weight is plotted and was used 
to estimate the molecular weight corresponding to each isotope peak. 
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EXPERIMENTAL DESIGN AND RESULTS 
Complement Activity in the Leghorn S1 Population 
A total of 235 one-year 81 Leghorn breeders including both sexes 
were screened for overall complement activity (OCA) using radial 
hemolysis. In addition, the OCA of 894 of their offspring were screened 
at three ages: 10 weeks, 11 weeks and 25 weeks. An analysis of 
variance of the results in presented in Table 5« 
The effects of Ea-B blood type (BT), GAT response (GAT), Sex and 
the interaction (BT x GAT) proved to be statistically significant in 
both the parental as well as in progeny population at 10 weeks of age. 
At 11 weeks, only BT, GAT and the BT x GAT interaction were 
statistically significant. At 25 weeks, complement activity was 
statistically significant for BT, Sex and the BT x GAT interaction, but 
not for the main effect, GAT. 
The mean complement activity in CH^^ is presented in Table 6 and 
that of the four B complex haplotypes of the 81 population at three ages 
are shown in Figure 9» The B^B^H haplotype had the highest OCA at 
each age, and the B^^B^^L haplotype was the lowest. The OCA, plotted 
by age and sex, is shown in Figure 10. At sexual maturity, males 
previously exhibiting lower OCA levels exceeded the levels of the 
females. The switch point was at approximately 12 weeks. 
Table 5» Analysis of variance of complement activity (in CH^^) 
Progeny 
Factor 
Parent 10 wk 11 wk 25 wk 
df MS df MS df MS df MS 
Blood type 1 229168.4** 1 I425O6.4** 1 75988.6** 1 29133. 2* 
GAT type 1 282967.3** 1 52527.9** 1 27967.7** 1 1805. 5 
Sex 1 75127.2** 1 28887.2** 1 2698.1 1 18479. 6* 
Blood X GAT 1 26135.5* 1 15480.6* 1 30273.6* 1 79496. 5** 
Error • 250 7781.0 450 4053.7 434 4006.4 162 4347. 5 
*0.02 < P < 0.5. 
**P < .01. 
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Table 6. Mean complement activity (in CH ) at 5 ages of birds in the 
SI line 
Progeny 
Main effects Parent 10 wks 11 wks 25 wks 
Blood type 265.0** 215.5** 220.0** 219.8* 
B19B19 204.1 177.4 192.0 198.6 
Ir-GAT High 268.1** 207.2** 214.0** 211.1 
Low 202.0 185.6 198.5 207.2 
Sex M 255.2** 188.2** 208.2 220.4* 
F 215.0 204.6 205.9 197.9 
Mean SEM 8.9 4.5 4.4 5.1 
Range 6•8—10.9 5.8-4.7 5.8-5.1 4* 2-6.4 
*.01 < P > .05. 
**P < .01. 
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Figure 9. Overall complement activity of four MHC haplotypes of the SI 
Leghorn line. 
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Figure 10. Complement activity by sex in the SI Leghorn line. 
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Isolation and Purification of Chicken C4 Complement Component 
A preliminary study of the cross reactivity between chicken plasma 
and antiserum against mammalian 04 was carried out with radial 
immunodiffusion as shown in Figure 11. 
1 Anti-mouse C4 antiserum produced in a rabbit demonstrated cross 
reactivity with chicken sera as shown by the precipitation rings around 
the wells loaded with chicken sera. No cross-reactivity could be 
detected with the human sera. 
On the B slide of Figure 11, cross-reactivity of anti-human C4 with 
chicken sera was also observed. The antiserum was purchased from DAKO. 
Affinity chromatography was the basic technique used for the 
isolation and purification of chicken C4. The strategy for the 
isolation first started with an affinity column coated with anti-human 
C4 antiserum. Three proteins absorbed from chicken plasma by this column 
were identified. The first two comigrated with chicken IgG and IgM; the 
third protein, with a molecular weight of 210,000 daltons, was putatively 
identified as chicken 04* Because the cross-reactivities were weak, the 
quantity of proteins collected from the column were very limited. 
Accordingly, a second column with a higher capacity was set up. In 
addition, third and fourth columns coupled to the chicken IgG and chicken 
IgM, respectively, served to absorb out the unwanted anti-immunoglobulin 
antibodies in the rabbit sera. After absorption, a monospecific 
antiserum to the 210,000 dalton protein was produced and served to set up 
^This antiserum was a kind gift from Dr. Shreffler of Washington 
University, St. Louis. 
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a fifth column from which a purified fraction of the 210,000 dalton 
protein was obtained in one step. 
Characterization of Rabbit Anti-chicken C4 
Two rabbits were immunized with the serum protein mixture from the 
first affinity column consisting of chicken IgG, IgM and the 210,000 
dalton protein. The dose and schedule for the immunization is described 
in Materials and Methods. After collecting the antisera and absorption 
with the IgG and IgM columns, a monospecific antiserum to the 210,000 
dalton protein was obtained and characterized by both immunoelectro-
phoresis and by hemolytic inhibition tests. Immunoelectrophoresis was 
performed as shown in Figure 12. The first, third and fifth wells from 
top to bottom were loaded with chicken plasma, and the second and fourth 
wells were located with human plasma. 
The first trough was charged with rabbit antiserum before 
absorption by the IgG and IgM columns. The second trough was charged 
with rabbit antiserum after absorption; the third, with rabbit antiserum 
absorbed to the column and the fourth with rabbit anti-human 04 anti­
serum. A single precipitation band was observed between human plasma and 
the rabbit antisera both before and after absorption. One precipitation 
band was formed between the human plasma and rabbit anti-human C4 anti­
serum and between the chicken plasma and rabbit antiserum after 
absorption. 
The hemolytic inhibition test was carried out in a microtiter plate. 
-1 -12 A serial dilution of rabbit antiserum was made from 2 to 2 
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Figure 12. Immunoelectrophoresis analysis of rabbit antisera (see 
text) . 
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with a final volume of 50 ^1. To each well, 8 units of CH chicken 
complement of 50 yl was added. After 50 minutes of incubation at 
57°C, spinning down the precipitate and transferring 50 jjl of the 
supernatant to a new well, 50 jjl of SSRBC, prepared according to the test 
tube method, was added. After another 30 minutes of incubation at 37°C, 
the degree of hemolysis was read. 
The results of the hemolytic inhibition test are presented in 
Figure 13- The A row on the microplate indicates the titer of the 
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chicken complement up to a maximum 2 and the B row, the 
hemolytic inhibition effect of the rabbit anti-chicken C4. The 
3 inhibition titer for 8 units of complement reached 2 . The first 
five wells of the D row represented rabbit antiserum controls. The 
E and F rows were designed to restore hemolytic activity by adding the 
purified 210,000 chicken serum protein. 
Using the same procedure as for the hemolytic inhibition test but 
substituting anti-human C4 antiserum in the chicken system and anti-
chicken C4 antiserum in the human system, cross-hemolytic inhibition 
experiments were effected. For the chicken system, SSRBC was prepared as 
in the test tube method; but in the human system, SSRBC was prepared by 
D 
incubating 1x10 SRBC/ml with an equal volume of rabbit anti-SRBC of 
1:1000 dilution. 
The results, presented in Table 7, show that antihuman C4 antiserum 
3 has a hemolytic inhibition titer of 2 in chicken complement but 
more than 2^ titers in the homologous human system. Anti-chicken C4 
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Figure 1]5. Results of hemolysis inhibition test (see text) 
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Table ?• Cross hemolytic reactions between chicken and human 04' 
Serial Dilution 
2-1 2-2 2-3 2-"» 2-5 2-6 2-V 2-8 
Chicken System 
anti-human 04' 0^ 0 0 W W L 
anti-chicken 04' 0 0 0 0 0 0 L L 
No C 0 0 0 0 0 0 0 0 
No antisera L L L L L L L L 
Human System 
anti-human 04' 0 0 0 0 0 0 0 0 
anti-chicken 04' 0 0 0 0 L L L L 
No 0' 0 0 0 0 0 0 0 0 
No antisera L L L L L L L L 
^0 = No lysis. 
= Weak lysis. 
= Complete lysis. 
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antiserum has an hemolytic inhibition titer of 2 in human complement 
and 2^ titers in chicken system. 
SDS-polyacrylamide Gel Electrophoresis 
Sodium dodecylsulfate (SDS) was added to the chicken protein 
obtained from the affinity column to a final concentration of 2% SDS. 
Urea was then added to a final concentrations of 6 M. Electrophoresis 
was then conducted on 3% and 5^ SDS-polyacrylamide gels using high and 
a low molecular weight protein standards. The results are presented in 
Figures 14 and 15. 
In a reducing condition, after SDS and UREA were added, 2-
mercaptoethanol was added to the protein samples to a final concen­
tration of 5^. Samples were then incubated in boiling water for 1, 3 and 
5 minutes. lodoacetamide were added to a final concentration of 20 mM to 
prevent disulfide bond formation. Electrophoresis was conducted on 5^ 
and 7.3% SDS-polyacrylamide gels again using high and low molecular 
weight protein standards. The results are presented in Figures 15 and 
16.  
Chicken 04 protein on 3% and SDS-PAGE gels showed 2 bands, one 
with a molecular weight of 214,000 daltons and the other with a 
molecular weight of 120,000, which is presumed to be a degraded product 
of the 214,000 molecule as determined on 3% SDS-PAGE. On 3% SDS-PAGE 
they were determined as 204,000 and 105,000 daltons, respectively. 
A reductive reaction was carried out in 3% 2-mercaptoethanol after 
heating in boiling water for 5 minutes. Three peptide chains were 
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Sample from left to right; 
a) C4 
b) high molecular weight protein standard in 60 C water bath for 15 
minutes 
c) high molecular weight protein standard 
d) low molecular weight protein 
The molecular weight of the upper band of C4 is 204,000 dalton and that 
of the lower band of 04 is 105,000 dalton. 
Figure 14. Molecular weight determination of C4 protein in 5^ SDS-PAGE. 
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Sample from left to right: 
a) 04 
b) high molecular weight protein standard 
o) low molecular weight protein standard 
d) reduced C4 after 50 minutes heating 
e) reduced C4 after 5 minutes heating 
The molecular weights of two bands from nonreduced C4 protein are 
214,000 and 120,000 daltons, respectively (a lane). Complete reduced C4 
protein can be obtained as three peptide subunits of 91,000, 79,000 and 
one too small to be determined on 5% gel, after 5 minutes testing. 
Figure 15. Molecular weight determination of nonreduced and reduced 04 
protein on 5% SDS-PAGE. 
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Sample from left to right: 
a) reduced C4 after 1 minute heating 
b) reduced C4 after 5 minutes heating 
c) high molecular weight protein standard 
d) low molecular weight protein standard 
e) reduced C4 after 5 minutes heating 
Reduced C4 can only be obtained after 5 minutes heating in boiling water 
to dissociate as three subunits of 83,000, 76,000 and 30,000 da1tons. 
Figure 16. Molecular weight determination of reduced C4 protein on 1.5% 
SDS-PAGE. 
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obtained: 83,000, 76,000 (as 91,000 and 79,000 determined on gel) 
and 50,000 on 7.5% SDS-PAGE. 
Kinetic Study of Chicken C4 Protein Levels in the SI Population 
Chicken C4 levels were assayed with the RID method starting with 2 
to 20 weeks of age. Figure 17 shows that the C4 protein level increased 
with age. The curves for each of the four haplotypes are presented in 
Figure 18. The data were subjected to an analysis of variance for 
effects due to blood type (BT), immune response to GAT (GAT) and to tumor 
expression (regressor or progresser) to Rous Sarcoma Virus challenge 
(RSV). BT and GAT were determined for each individual but RSV challenge 
was based on that predicted from the family pedigree record. The results 
are presented in Table 8. 
A significant difference was found between age groups and between 
GAT type at the \% level. The interaction of BT x GAT was significant 
at 5% level. The difference in C4 protein levels between RSV-induced 
tumor progressors and regressors were not statistically significant. 
19 19 
As shown in Figure 18, the 04 protein levels of haplotypes B B H, 
and B^B^H and B^B^L were similar up to six weeks of age. The B^^B^^L 
haplotype was consistently low at all ages. 
The 04 Protein Level in Chicken Plasma 
The concentration of chicken 04 protein from the affinity column 
was determined in terms of mg/ml with the Lowry method and using bovine 
serum albumin (BSA) as the reference standard. 
150.0 
Csj 
S 
100.0 
a 
50.0 2 10 
Age (week) 
_j 
20 
Figure 17. Levels of C4 protein in chicken plasma by age groups. (The 
ranges for each age group are represented by vertical lines.) 
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Figure 18. Levels of C4 protein for four B complex haplotypes from the 
SI Leghorn line. 
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Table 8. Analysis of variance of C4 protein levels in chicken plasma 
collected at different ages 
Factor Mean C4 (d^)* df MS 
Age 2 wk 77.8** 4 68729.9** 
4 wk 90.9 
6 wk 124.1 
10 wk 141.4 
20 wk 157.3 
Blood type B B 119.8 1 77.8 
B B 118.6 
GAT type High 123.6** 1 6194.9** 
Low 114.9 
RSV type Regressor 121.3(*) 1 1305.1 
Progresser 117.3 
Blood X GAT * 1 1798.5* 
Error 324 334.0 
^The C4 protein level was determined by the area (square of 
diameter, d ) of the precipitation ring obtained with RID method. 
*.01 < P < .05. 
**P < .01. 
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The areas of three known concentrations of C4 protein were fitted to 
the standard curve derived from the standard serum in RID. This 
permitted the estimation of the C4 protein level in chicken plasma at 
five ages. In particular, readings of the mean areas (d^) obtained 
from the kinetic studies were extrapolated to the standard curve. The 
standard curve and C4 protein concentration in chicken plasma at five 
ages are presented in Figure 19. 
Estimates of the C4 protein in chicken plasma were 1.06 mg/ml at 25 
weeks, 1.30 mg/ml at 4 weeks, 1.90 mg/ml at 6 weeks, 2.2 mg/ml at 10 
weeks, and 2.5 mg/ml at 20 weeks of age. 
04 Protein Levels in Chickens Challenged with 
Rous Sarcoma Tumor Virus (RSV) 
Seven hundred birds of the SI population were inoculated 
intradermally in the left wing web with 200 focus forming units of Rous 
Sarcoma Virus-1 (RSV-1 ) at four weeks. Tumor regression or progression 
was recorded weekly for six weeks starting at day 14 post inoculation. 
Tumors were scored 1 through 6 using the following score criteria: 
Score Observation 
1 a slight "lump" in the wing web 
2 a tumor 20-30 mm in diameter 
3 a tumor 40-50 mm in diameter; wing web almost filled 
4 a tumor fills the wing web 
5 a tumor engulfs the wing; the bird has difficulty 
supporting the wing 
6 the tumor begins to spread; the birds are frequently 
moribund 
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d? mg/ml 
2wk 77.8 1.06 
4wk 90.9 1.30 
6wk 124.1 1.90 
lOwk 141.4 2.20 
20wk 157.3 2.50 
\ 150.0 --
66 CC.44 
mg/ml 
Figure Standard curve for determining C4 protein level in chicken 
plasma. 
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Birds reaching a score of 6 were designated as progressors (P). 
Birds that showed tumor regression over 2 observation periods were 
designated regressors (R). 
Blood samples were collected four times during the period that 
scores were taken. The first bleeding was done 14 days after ESV-1 
inoculation; the second when the tumor started to enlarge (this varied 
from bird to bird); the third bleeding occurred when the tumor either 
became larger (progressors) or smaller (regressors). This, again, 
varied according to individual birds. The final bleeding was made when 
the tumor was nearly gone (regressors) or when the birds were moribund 
(progressors). 
The C4 protein levels in the blood samples were determined with RID. 
Samples from the first, second and third bleeding were analyzed. The 
statistical analysis is presented in Table 9» The 04 protein levels were 
significantly different between progressors and regressors at the third 
bleeding: the stage when the tumors of the regressors became smaller. 
04 Protein and Chicken Cell Surface Antigens 
Chicken erythrocytes from a 40-bird sample of the SI population 
were randomly collected. One drop (50 pl) of 2^ red cell suspension 
from each sample was incubated with rabbit anti-chicken 04 antiserum in 
a 1:8 dilution for 30 minutes at room temperature. No hemagglutination 
was observed. However, after washing twice with PBS and adding goat 
anti-rabbit IgG at 1:100 dilution, hemagglutination occurred after 15 
minutes at room temperature. 
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Table 9- 04 protein (d^)^ in plasma samples from chickens challenged 
with Rous sarcoma virus (RSV) 
Chickens 
Classification 
1 0 bleeding 2° bleeding 3° bleeding 
n mean (d ) n mean (d ) n mean (d ) 
Progresser 32 71.9 7 77.2 7 77.3* 
Regressor 58 74.4 30 75.5 38 85.7 
^The protein level was determined in the area (square of 
diameter, d ) of precipitation ring obtained with RID method. 
*.01 < P < .05. 
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After reacting with rabbit anti-chicken C4 in 1:8 dilution and PITC-
conjugate, antigens could be detected on the surface of chicken 
erythrocytes, B cells and T cells with the fluorescence microscope. The 
B cells and T cells were labelled strongly but the erythrocytes were only 
weakly patched with the fluorescent dye. However, the negative control 
of normal rabbit serum in 1:8 dilution also gave a positive fluorescence 
labelling on both T and B cells but not on erythrocytes. 
The cell surface antigens recognized by the rabbit anti-chicken C4 
antiserum were immunoprecipitated and their molecular weights were 
determined by SDS-PAGB under reducing conditions. The results were 
presented in Table 10. 
Similar molecules were obtained from erythrocytes of B^B^L and 
iq iq 
B B H by immunoprecipitation. Evidently they are H-chains of immuno­
globulin (ig) with a molecular weight of 65,800 daltons, L-chains or Ig 
with a molecular weight of 17,200-19,000 daltons. Class I antigens in 
associated form with a molecular weight of 55,100 and in reduced form 
with a molecular weight of 41,700 and 10,500-11,500 (gg-microglobulin). 
125 19 19 Immunoprecipitated I -labelled erythrocytes of B B L yielded 
only^-microglobulin and L-chains of Ig. In general, Class I antigens 
and immunoglobulin were immunoprecipitated from erythrocytes of either 
haplotype but both Class I and Class II molecules were immunoprecipitated 
from B cells. 
Table 10. Cell surface proteins immunoprecipitated by rabbit anti-chicken 04 in 
B complex haplotypes of the SI line 
Mol, wt/ 
cell type 
Ervthrocvte 
(B^B^L) 
Erythrocyte 
(B'9B'9L) ' 
Erythrocyte B cell Expected 
molecule 
65,800 + - + - H-chain of Ig 
53,100 + - - + Class I 
(41,700+12,000) 
41,700 
- - + Class I 
30,200-51, 600 + + + + Class II 
21,900 
- - - + Class II 
17,200-19, 100 + + + - L-chain of Ig 
13,500-14, o
 
o
 
+ + + -
10,500-11, 500 + + - - 6 2®icroglobulin 
7,900 + - + + 3 gmicroglobulin 
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C4 Protein Polymorphisms 
Chicken blood samples collected from various B complex haplotypes 
were subjected to immunofixation in an attempt to study genetic 
polymorphism of C4 protein. The results of the Barbitol buffer system 
are presented in Figure 20 and that of the Tris-glycine-barbitol system 
in Figure 21. 
In both buffer systems, C4 protein were recognized by specific 
antibodies as two separate bands. The two C4 bands showed well-
separated in barbitol buffer but minor variation could be distinguished 
13 
among haplotypes. From Figure 20, the first (upper) band of the B 
haplotype of line 19 seems to migrate slower than the other haplotypes. 
The second (lower) bands were not sufficiently sharp to permit a 
comparison of haplotypes. 
In the tris-glycine-barbitol system, the two C4 bands usually 
separated farther, but they were not as sharp as those in the Barbitol 
buffer system. The second bands could be classified as fast, 
5 intermediate and slow. The second band of the B haplotype of line M 
21.1 
was found to be consistently slow whereas the B * haplotype of Sp 
5 21 • 1 line was fast. Referring to the second bands of B and B ' , the 
13 
second band of B of the GH line was slow and remaining haplotypes 
seemed to be intermediate. Usually, the first band was not sharp and 
discrete in the tris-glycine-barbital system. 
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Figure 20. Electrophoretic pattern of 04 protein in barbitol buffer. 
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Figure 21. Electrophoretic patterns of C4 protein in tris-glycine-
bar bi toi buffer. 
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Sex Differences in C4 Protein Levels 
Eight male birds were castrated at 5 weeks and implanted with three 
tubes of testosterone at 30 weeks. Ten female birds were ovariectomized 
twice at the fifth and the tenth week after hatch to remove both ovaries. 
Blood samples were collected one day before implantation and six 
weeks after surgery. The C4 protein levels were assayed by the RID 
method. The means C4 protein levels are presented in Tables 11 and 12. 
Differences between normal and castrated males were statistically 
significant at the 5^  level. After testosterone administration, the 
concentration of C4 protein of the castrated males were not significantly 
different from the normal males. The castrated males had a significant 
decrease in C4 protein after testosterone administration, at which time 
levels were not statistically different from normal males. 
In females, no testosterone was administered. The 04 protein con­
centration for normal and ovariectomized females were not significantly 
different up to % weeks of age. 
76 
Table 11. C4 protein level (d^ )^  in normal and castrated males 
Age Statistical 
50 week 36 week Significance 
Normal 116.3+7.3 116.4+7.4 NS 
Castrated 123.7+4.5 109.3±3.2^  P<.01 
T^he protein level was determined in the area (square of 
diameter, d ) of precipitation ring obtained with RID method. 
These castrated birds were implanted with testosterone in 
silastic tubes. 
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Table 12. C4 protein level (df)* in normal and ovarectomized females 
Age Statistical 
30 week 36 week Significance 
Normal 110.9±5.4 107.9+5.3 NS 
Castrated 115.8+5.4 119.7+3.4^  P<.01 
*The Cà protein level was determined in the area (square of 
diameter, d ) of precipitation ring obtained with RID method. 
T^hese castrated birds were implanted with testosterone in 
silastic tubes. 
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DISCUSSION 
Blueprint of Research 
To start with, a modified radial hemolysis technique was developed 
in order to screen the complement activity of a large number of samples 
both rapidly and accurately. From a statistical analysis of overall 
complement activity in the S1 outbred population, as shown in Table 5, 
the level of complement activity was influenced by differences in blood 
type and immune response to GAT. This suggests the possibility of 
pleiotropy or linkage of genes coding for complement proteins and the 
above traits. Moreover, a similar result had already been reported by 
Chanh et al. (1976) using three inbred lines of chickens. Their studies 
suggested that the complement level in chickens was coded by a dominant 
gene(s) associated with the B complex. Thus, if certain traits are 
controlled by major genes which are pleiotropic or closely linked to the 
MHC, an outbred population such as our 81 line can serve as research 
material equal to inbred populations. 
Because blood hemagglutination and immune response to GAT were 
already known to be linked to the chicken MHC, subsequent studies 
included 1) a search for genetic linkage to the MHC of a C4-like 
component regulating overall complement activity and 2) to determine 
whether complement activity is sex-linked or sex-limited. 
C4 is the first component in the activation of the complement 
cascade reaction and is known to be linked to both the human HLA and the 
mouse H-2 system. Because of the considerable homology in MHC structure 
79 
between mammalian species, the likelihood of a C4-like component being 
linked to the chicken B complex seemed strong despite some uncertainty 
because avian blood sera markedly differs biochemically from mammalian 
sera in composition. Also, the genetic structure of the avian MHC may be 
considerably different from the mouse and human MHC (Longenecker and 
Mosmann, 1981). The lack of linkage between GLO and the B locus in 
chickens (Rubinstein et al., 1981) was not in accord with earlier 
findings of GLO linkage to MHC in mammalia, including humans (Giblett 
and Lewis, 1976), the mouse (Meo et al., 1977), and the rat (Stole et 
al., 1980). 
The research began with the isolation of chicken C4. After a 
purified C4 product was obtained, it was injected into rabbits to 
produce a specific antibody. The latter was then used as a probe to 
study the genetic nature and possible linkage to the MHC. This was 
accomplished mainly by immunoprecipitation and immunofixation 
experiments. 
Purification and Isolation of Chicken C4 
Several possible approaches to produce anti-chicken C4 antiserum 
were considered including the following: 
1) Immunize birds with a cell-intermediate, EA-C4 made by 
attaching 04 to sensitized erythrocytes and whereby blocking 
the subsequent cascade reaction. 
2) Because 04 is contained in the pseudoglobulin fraction of serum, 
anti-C4 antiserum can be obtained by immunizing mice with the 
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pseudoglobulin fraction of chicken serum producing a monoclonal 
antibody with an hemolytic inhibition function. 
3) Isolate and purify chicken C4 by following the standard protocol 
for the human system using sephadex-200 and DEAE-Sephadex 
chromotography. 
None of the above were successful because a sufficiently sensitive 
biological assay was lacking. No information was available regarding the 
number of complement components or the mechanism of the complement 
cascade reaction in the chicken system. Also, the results might not turn 
out as might be expected if a standard protocol in mammalian systems was 
followed. 
In order to compare the structural similarity of mammalian C4 and 
chicken C4 (Fig. 12), a test on the cross-reactivity of antihuman C4 and 
anit mouse 04 with chicken sera was performed. The positive results of 
the test suggested the possibility of using affinity chromatography to 
isolate chicken C4 starting with an antiserum against mammalian C4. 
Purified chicken C4 was obtained by upgrading the quality of affinity 
column step by step. 
Human C4, chosen at the start of this investigation because anti-
human C4 was readily available, was injected into rabbits to produce 
anti-human C4 antiserum which was then used to set up the first affinity 
column. Four additional columns, as described in Experimental Designs 
and Results, were then set up. Finally, a fifth affinity column was set 
up with a monospecific rabbit antiserum against a chicken protein with a 
molecular weight of 210,000 daltons. This monospecific antiserum had 
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been characterized by both immunoelectrophoresis (Pig. 14) and by 
hemolysis inhibition (Figs. 12 and 13). 
As shown in Figure 14, a strong precipitation (ppt) band formed 
between the monospecific antiserum and chicken plasma at a position 
corresponding to the ppt band formed between the human plasma and 
specific anti-human 04 antiserum. The protein of 210,000 daltons was 
hypothesized to correspond to a human C4 component. A faint ppt band was 
noted between the human plasma and the monospecific antiserum. 
Furthermore, the position of the ppt band was identical to the ppt band 
between the human plasma and anti-human 04 antiserum suggesting that this 
antiserum might cross react with human 04. The cross reaction between 
chicken plasma and anti-human 04, detected as two faint ppt bands, 
corresponded to the position of the bands formed by chicken plasma 
reacted with anti-chicken IgG and anti-chicken IgM. This suggested that 
chicken IgG, IgM and the 210,000 protein molecule were homologous to 
human C4, and therefore, detectable by anti-human C4. This finding is of 
significance because chicken IgM resembles both human and rabbit IgM in 
basic structure. In contrast, chicken IgG does not properly align itself 
with any immune globulin of the mammalian system including IgG, IgA, IgD, 
IgE, or IgM. In particular, no cross-reactivity could be detected (Leslie 
and Clem, 1969)» The conformation homology among chicken IgG, IgM and 
the 210,000 protein suggested the possibility that they were coded by a 
gene of same ancestoral gene cluster. 
In the hemolysis inhibition assay, the monospecific antiserum was 
able to inhibit chicken complement hemolytic activity after it was 
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incubated with chicken plasma. Thus, it is evident that this antiserum 
is specific for certain complement components of the chicken system. The 
hemolytic activity could be reconstituted by adding the 210,000 protein 
to the system. This confirmed the hypothesis that the protein from the 
affinity column was essentially a complement protein. 
Because the monospecific antiserum was cross-reactive with a human 
protein, as observed in the Immunoelectrophoresis result, a cross-
hemolytic inhibition test was conducted. This provided evidence that 
the specific human protein cross-reacting with the antiserum is in all 
probability a complement protein. The human complement activity was 
blocked by the antiserum; the blockage resulted from the cross-reacting 
antiserum; the inhibition titer was of a lower degree (2^ ) than that 
of the specific anti-human C4 (over 2^ ). 
Further evidence supporting the hypothesis that the 210,000 dalton 
protein is really chicken C4 was provided by the reducing reaction and 
SDS-PAGE. 
After complete reduction, the 210,000 dalton protein dissociated 
into three peptide chains with molecular weights of 91,000, 79,000 and 
30,000, respectively; these correspond well with such mammalian 04 
subunits as the human with molecular weights of 95,000, 78,000, and 
33,000, the mouse with M.¥. of 98,000, 77,000 and 34,000 and the guinea 
pig with M.W. of 95,000, 78,000 and 31,000. 
At this stage of work, the antibody to the 210,000 dalton protein 
molecule was found 1) to cross-react with anti-human C4, 2) to block the 
hemolytic activity of both chicken and human plasma, 3) the 210,000 
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dalton protein molecule consisted of three subunits of MW similar to 
those of C4 in the mammalian system. It was very certain that the 
antiserum to the 210,000 protein is monospecific to chicken C4 and that 
the protein purified from the column set up with this monospecific 
antiserum has mammalian C4- properties. 
C4 Level in Normal and Tumor-Developing Chicken 
Comparing the levels of complement activity and C4 protein in plasma 
19 19 
among four haplotypes, the B B L haplotype was consistently the 
lowest, suggesting that C4 plays a key role in the regulation of the 
complement cascade reaction. 
The C4 protein level increased with the age. Thus, at 2 weeks the 
protein level was 1.06 mg/ml plasma and at 20 weeks the protein level was 
2.5 mg/ml plasma. The plateau or maximal C4 protein level was not 
detectable at 20 weeks and perhaps occurs later (Fig. 17 and 19)• The 
trend of IgG protein level in chicken plasma has been found to increase 
from 3 weeks to 21 weeks of age (Rees and Nordrkog, 1981). It would be 
of interest to determine the time that these serum proteins reach a 
stable plasma level and to learn of its significance in maintaining 
disease resistance. Compared to the protein levels of IgG and IgM (7 
mg/ml and 4.5 mg/ml, respectively in chickens) the C4 plasma level seemed 
to be slightly overestimated, considering that the hemolytic activity of 
chicken plasma is generally inferior to that in mammalia. On the other 
hand, a bias might have been derived from the protein (BSA) used in 
plotting the standard curve having different amounts of tyrosine and 
84 
tryptophan residues. An alternative interpretation is that chicken 
complement may precipitate rather than lyse the antigen. This would 
contrast with complement activity in highly developed mammalian species 
where it functions primary as a lytic agent. 
The initial C4 protein level in plasma between Rous Sarcoma Virus 
(RSV)-induced-tumor "progressors" and "regressors" were not significantly 
different. However, after inoculation of RSV-1, it showed significant 
difference at the time that tumor started either progressing or 
regressing. This suggested that C4 plays a possible role in tumor 
expression. A similar finding has been reported by Takashi et al. 
(198$). By injection of an anti-tumor effector, OK-52, from strep­
tococcal preparation into patients of malignant ascites intraperi-
toneally, activation of a complement cascade was found to be induced and 
chemo-attractants for neutrophils were generated in ascitic fluid. A 
total of 78 cases out of 92 with positive tumor cells in ascites showed 
complete disappearance of ascites and significant prolongation of 
survival time after administration of OK-52 as an immunomodulator, 
through the mechanism of complement activation. 
C4 as a Cell Surface Antigen 
The question is whether chicken 04 is expressed on the surface of 
red blood cells just as the Chido and Rodger antigens are expressed in 
the human system or as the H-2.7 antigen is expressed in the mouse 
system. If the homology exists, the chicken 04 should be expressed on 
erythrocytes. The nature of this cell surface protein(s) and the 
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relationship between such a cell surface protein with B-G or B-? antigen 
cell-surface antigens yet remains to be determined. 
The obvious way to determine whether the C4 molecule is expressed 
on the cell surface is by simple hemagglutination. A positive 
hemagglutination by using a secondary antibody would indicate some 
relationship between some known cell surface molecule (as B-F or B-G) 
and chicken C4. 
A more sensitive method, immunofluorescence, was used to stain 
fractions of peripheral blood cells. Surprisingly, not only erythrocytes 
were stained but also B and T lymphocytes. The erythrocytes showed 
scattered patches whereas the B and T cells were strongly stained. 
Unfortunately, positive results were also obtained when normal rabbit 
serum was used as negative control. It is likely that the nonspecific 
binding of the negative control resulted from either faulty dilution of 
the rabbit serum or that the PITC-conjugated secondary antibody was too 
concentrated. 
Immunoprecipitation was used to study the nature of the cell 
surface antigens specifically recognized by anti-chicken C4. A 
molecule of 65,800 daltons was assumed to be a heavy chain of 
immunoglobulin molecule (ig) and one of 17,200-19,000 daltons was assumed 
to be light chain of Ig. A Class I antigen with a mol. wt. of 40,000-
45,000 daltons and 12,000 daltons (microglobulin) was inferred to 
be immunoprecipitated by anti-chicken C4 from erythrocyte because 
microglobulin was observed. Also, an associated Class I molecule of 
53»000 daltons was found. The 40,000-45,000 molecule could have been an 
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aggregate with other molecules resulting from the heat treatment. The 
consistent high-count peak of gg-microglobulin immunoprecipitated from 
erythrocytes compared to the medium or low peaks of the other 
precipitated proteins, suggested that the anti-chicken C4 recognized 
Class I antigen through the gg-microglobulin molecule. This is in 
agreement with previous findings showing that IgG, IgM and C4 shared 
conformational similarity. In human and mouse, IgG and IgM are thought 
to be derived from g^ -microglobulin by tandem duplication, implying 
that genes coding for IgG, IgM and C4 were derived from a common ancestor 
gene cluster. The Class I antigen could also have been immunopre­
cipitated from B cells because molecules 41,700 daltons and 7,900 daltcns 
(assumed to be g^ -microglobulin) were detected. 
A molecule of 30,200-31,600 daltons was difficult to identify. It 
may correspond to a peptide molecule of Class II antigen of about the 
same mol. wt. (32,000 and 28,000). This is the primary molecule 
immunoprecipitated from B cells with a very high-count peak but with low-
count peak from erythrocytes. If the 30,200-31,600 molecule from B cells 
is identical to that from erythrocytes, based on the distribution of 
Class II antigen (Pink et al., 1977), it could not be identified with a 
Class II antigen. If the assumption is made that this 30,200-31,600 
molecule and the 21,900 molecule immunoprecipitated from B cell are Class 
II antigens, the validity of the Pink et al. (1977) study that the Class 
II antigens are expressed only on lymphocytes may be challenged. In 
particular, this would suggest that red blood cells also have an immune 
function. This would seem possible from the differentiation and 
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evolution point of view (Siegel and Tian, 1981). Additionally, it should 
be recalled that there exists a major difference between avian and 
mammalian erythrocytes. The former are nucleated and the latter are not. 
If the preabsorption of cell lysate with sepharose beads had been 
conducted before immunoprecipitation, it would have cleared the extracts 
of proteins adsorbing nonspecifically. Therefore, a preabsorption 
treatment of cell lysate is suggested to be conducted in later 
immunoprecipitation experiment. 
It would be interesting to determine whether the molecule could be 
immunoprecipitated by anti-chicken 04 from T cell since the positive 
immunofluorescence stain suggested possible cross-reactivity exist 
between this specific antiserum and certain cell surface antigen on T 
cell, perhaps T-cell receptor. This should be reasonable since the T 
cell receptor was reported to be coded for at least in part by the 
immunoglobulin H chain (Binz and Wigzell, 1975) in mouse. Since this 
antiserum can immunoprecipitate H chains of Ig, it may be possible to 
immunoprecipitate a T cell receptor. 
In general, the results strongly suggest a molecular relationship 
between B-P (Class I antigens) and chicken C4; this shouldn't be too 
surprising because of a considerable homology between Class I antigens 
and immunoglobulin as reported in humans by Strominger (1981)• If C4 is 
derived from -^microglobulin as IgG and IgM, the homology between B-F 
and C4 would be expected. 
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The structural relationship among (^ -^microglobulin, immunoglobulin 
and Class I antigens have been demonstrated in the human and the mouse, 
although no homology among the 04 molecule. Class II antigens and the 
above molecules were detected. The relationship among those proteins do 
not merit speculation at this time. In contrast, some molecular 
homology among gg-microglobulins, IgG, C4, Class I antigens, and 
perhaps Class II antigens in chickens, have been revealed by the present 
results from the Immunoelectrophoresis and affinity chromatography 
studies. It is tempting to speculate that 04 and immunoglobulin have 
common origin, but have diverged by molecular evolution molecules with 
specialized biological function. 
No structural homology has been detected between Class II, 
complement, Ig and Class I systems in the human nor in the mouse; perhaps 
this may be due to the higher hierarchy of these species in the 
evolutionary tree. Further investigation of the chicken immune system 
should illuminate the structural and functional relationships not 
only between immunoglobulin, complement and Class I antigens, but also 
even between the Class II antigens and T cell receptors. Such a study 
should also lead to a greater understanding of their cooperation and the 
function of the mechanism of immune response. Studies of the chicken MHC 
have followed the pioneering work in the human and the mouse. Our 
finding on the structural similarity of 04 and immunoglobulin, coded in 
the chicken by MHC genes, may lead to a more productive avenue of 
research because the avian species are lower on the evolutionary tree. 
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This would provide a more basic approach to molecular studies of disease 
resistance mechanisms. 
C4 Polymorphism Revealed by Immunofixation 
The study of C4 polymorphisms is important in terms of using C4 as 
a genetic marker for the chicken B complex. The present study must be 
regarded only as a preliminary step. For the chicken species, the 
barbital buffer (of pH 8.6 and ionic strength of .05) and the Tris-
glycine-barbital buffer systems have been thought to be superior to those 
used in human studies. Further work, however, is required to improve the 
resolution of bands in the gel preparations. As noted in Figures 20 and 
21, none of the patterns seemed to correspond to the haplotype in terms 
of B alleles, immune response to GAT, or to immune response to Marek's 
disease. 
C4 Level and the Sex Differences 
As noted in Table 11, the protein level of C4 was higher in 
castrated males and a supplement of testosterone decreased the C4 
protein level to that of normal males. This suggests the testosterone 
plays a role in the C4 synthesis or in the release of C4 to plasma. The 
significance of testosterone was further borne out by the experiments 
with females (Table 12). According to Halbandow (1982), the ovaries of 
hens also produce testosterone. The present study showed that the 04 
level in ovariectomized female increased. 
These findings suggest that the 04 level is controlled, in part, is 
sex-limited but not by sex-linkage. Whether there is a sex-limited 
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protein in the chicken complement system as there is in mouse system is 
still an open question.. 
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CONCLUSIONS 
1) Although chicken complement is very low in hemolytic activity, it 
was possible to study its characteristics by a special radial immune 
assay. 
2) Methods were developed to isolate and purify chicken C4 protein 
starting with rabbit anti-human C4 antibody, gy use of appropriate 
affinity chromatography techniques, highly purified chicken C4 protein 
was obtained. 
3) The purified C4 protein has a molecular weight of 210,000 daltons 
and its subunits have molecular weights of 91,000, 79,000 and 50,000 
daltons, respectively. 
4) The homologies among chicken C4, chicken IgG and chicken IgM 
were observed by their cross-reactivity with anti-human C4 antiserum, 
which suggested they were probably derived from a common ancestral gene 
cluster. 
5) Chicken 04 has about the same molecular weight as human and mouse 
C4 and so do the molecular weights of their subunits. Functionally, 
chicken C4 can cooperate with other complement components to lyse 
erythrocytes and its hemolytic ability can be weakened after 
precipitating the C4 protein with anti-chicken C4 antisera. The chicken 
C4 plays a role in tumor regression as the human C4 does. Certain 
relationships between cell surface antigens and chicken C4 have been 
observed but have not yet been investigated on molecular level yet. 
Perhaps a relationship between cell surface antigens and chicken C4 
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protein exists corresponding to the Chido-Rodger antigens in humans and 
H-2.7 antigen in mice. 
In general, a fair degree of homology has been found among chicken 
CA, human C4 and mouse 04, structurally and functionally. 
6) The evidence found from this study suggests that chicken C4 is 
encoded by a gene of the B complex paralleling the C4 protein of the 
human and the mouse. Thus, the chicken system may have many features in 
common with the mammalian system. However, a more comprehensive genetic 
study of actual segregating alleles will provide the most conclusive 
evidence for a linkage relationship. 
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SUMMARY 
The chicken fourth component of complement (C4) has been isolated 
and purified in order to study its genetic control since it has been 
presumed to be linked to B complex. 
The isolation and purification of chicken C4 from chicken plasma 
has been done using affinity chromatography. The molecular weight of the 
purified C4 and its subunits have been determined on SDS-polyacrylamide 
gel electrophoresis. A monospecific antiserum was generated and 
characterized with immunoelectrophoresis and hemolysis inhibition tests. 
The C4 protein concentration in chicken plasma was determined over 
intervals from 2 weeks to 20 weeks of age. Also, the variation of 04 
protein concentration after challenging the birds with Rous sarcoma virus 
was studied. Finally, the possibility of linkage between C4 protein and 
the B complex was investigated by immunoprecipitation. 
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